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1
OXIDE ETCH

BACKGROUND OF THE INVENTION .

The present invention relates to an etch for fabrica-
“tion of integrated circuits

In particular, the present invention relates to selective

| etchmg of silicon oxides in integrated circuit fabrication
'processes o |
It 1s very frequently necessary to etch silicon oxldes
preferentially with respect to silicon in mtegrated Cir-

- cuit fabrication. For example, when a contact is being

~ cut through an interlevel dielectric such as phosphosili-

cate glass (PSG) or borophosphosilicate glass (BPSG)
- toalevel comprising silicon (e.g. to moat or to polysili-
S cen) the etch must be selective in this respect.

4,654, 1 12
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Thus it is an object of the present invention to pro-

~ vide an etchant for etching silicon ox:des preferentlally |
~ with respect to metal silicides. |

10

It is a further object of the present invention to pro-
vide an etchant, for etching silicon oxides preferentlally
with respect to silicides, which does not deposit resi-
dues.

The nitrogen tnﬂuonde plus oxygen chemistry turns

" out to have surprising advantages. In particular, it pro-

vides astonishing selectivity of oxide over silicon, con-

- trary to the teachings of the prior art. See, for example:

Donnelly, V. M., Flamm, D. L., Dautremont-Smith, W.

C., and Werder, D. J.,, J. Appl. Phys., 55, 242 (1984).

15

- Conventionally, to etch oxide preferentlally with

respect to silicon, a fluorine deficient plasma is used.

' | Typleally a fluorine to carbon atomic ratio of about 2 to

1 is used, together with a small fraction (e.g. 5% or less
- mole percent) of oxygen. If too much oxygen is used, it

~ scavenges the carbon as carbon monoxide, and etching
~ proceeds in a fluorine-rich regime, wherein both silicon

. and silicon dioxide are etched. Thus, chemistry such as
- CHF3 plus 02 could be used, with the CF3 flowed at a

~rate much larger than that of the O2, according to the

- prior art.

However, the present invention does not fit the pre-
o scnptlen of the pner art at all, since (1) nitrogen trifluo-

- ride 1s used as the primary fluorine source (and prefera-

- more oxygen than fluorine, and, 1n the presently pre-

ferred embodiment, oxygen is flowed at 10 times the
rate of the nitrogen trifiluoride. NF3 has been tried in
‘many different plasma etch applications over the years,

~ but no prior art suggests that a gas mixture which is

- mostly oxygen, with a little NF3 added, will etch extde
‘preferentially with. reSpect to silicon.

20

For example, this chemistry gives 12 to 1 selectivity to
etch phosphosilicate glass preferentially with respect to
monocrystalline silicon. It gives 13 to 1 selectivity to

“etch PSG preferentially with respect to P-type polysili-
~con. It gives 2.2 to 1 selectivity of plasma oxide over

silicon.

Thus, the nitrogen trifluoride plus oxygen chemistry
taught by the present invention, which is inherently
very resistant to residue deposition, has substantial ad-

~ vantages in this respect.

25

‘A notable characteristic of this etch ehemlstry 1s that
it will attack organic materials, such as photoresist,

- rapidly. This is disadvantageous in many applications,
~ and requires use of a hardmask process in most applica-

- fions.

30

. bly no earbon-beanng species is mcluded at all); (2) the
 atomic composition of the etch gas mixture includes

35
“structure having at the surface thereof a dielectric com-

Moreover, the prior art oxide-over-silicon preferen-

~ tial etches have inherent problems with residues. That

- is, there is always the problem of depositing polymeric

residue in exposed areas, and the exact mass flow ratios

~and process chemistry and conditions must be painstak-

- ingly adjusted to get'them within the narrow windows

45

required for good selectivity without residue deposi-

tion. The oxide etch taught by the present invention
“does not leave residues, Wthh 1S a tremendeus advan-
- tage over the prior art.

This is particularly advantageous in contact etchmg,

50

: where deposition of residues at the bottom of the

- contact hole will not only degrade the contact resis-

~ tance, but will introduce greater random variation in
this parameter, i.e. will degrade process control..

processes, wherein the field oxide, instead of being

grownina pattem; is grown (or deposited) everywhere

. and then etched in a pattern. In this technology the

. oxide etch which clears the field oxide will contact the

- naked surface of the moat, so that any residue dep051-
tion may cause gate oxide defects.
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This is also-advantageous in the direct moat isolation

geous, as
to be etched is PSG or BPSG.

The present invention is most partlcularly advanta-
as the above selectivities show, when. the exlde

According to the present invention there 1s provided:

A process for etching silicon oxides in integrated

circuit structures, comprising:
providing a partially fabricated integrated circuit

prising silicon oxides; |
partially covering said dielectric with a pattemed

“hardmask;

“ exposing said integrated circuit structure to a plasma
in a gas comprising both oxygen and mtrogen trifluo-
ride, the input gas to said plasma compnsmg more oxy-
gen than nitrogen trifluoride.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be described with refer- -

ence to the accompanying drawings in which:

FIG. 1 shows a sample structure where a contact hole

1s being cut using a cantilever-etch-mask process which-

uses the process of the present invention.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

The present invention will be described with refer-
ence to a cantilever-etch-mask process, wherein the
oxide etch of the present invention is used to undercut
‘an organic spacer layer under a patterned polysilicon

- hard mask and also etch a PSG layer under the organic

Thus it is an object of the present invention to pro-

- vide an etchant for etching silicon oxxdes preferentlally'

~ with respect to silicon. -

It is a further object of the present 1nvent10n to pro-

- vide an etchant, for etching silicon oxides preferentially
- with respect to silicon, which does not deposit residues.

spacer layer, but it will be recognized by those skilled in

‘the art that the present invention can also be applied in
“the context of a wide variety of other integrated clrcult
fabrication processes.

A sample embodiment of the present invention will

. now be described, where the object is to cut a contact

65

hole in one micron of phosphosilicate glass overlyinga

- 1000 Angstrom thick layer of plasma enhanced CVD

oxide. This composite multi-level oxide structure is
shown as oxide 10 in FIG. 1.
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Next, in the presently preferred embodiment, about 3
microns of AZ 1400-31 resist is spun on and baked at
180 degrees C., to form the spacer layer 12. Next, about
5000 Angstroms of plasma enhanced CVD silicon is
deposited atop the spacer layer 12. Next, a top photore-
sist layer is deposited, exposed, developed, and post
baked. (Note that it is preferable to eliminate the hot
plate pre-bake step, prior to lithographic processing,
lest the spacer resist should “bubble” underneath the
PECVD Si layer. This top resist layer can be quite thin,
since good planarity will have been provided by the
layers 12 and 14. This thin top resist layer can be, for
example 6000 Angstroms of a resist such AZ 1400-17.

An anisotropic silicon etch is now used to cut the
silicon hard mask layer 14 in accordance with the mask
as defined in the top photoresist layer. The etch used at
this step can be any conventional etch, such as, for
example, one incorporating freon-12 chemistry.

Next, the key etching step of the present invention
begins. In the sample embodiment, the slices are now
placed in a reactive ion etch reactor. For example, an
AME 8110 reactor 1s used, with power applied at 1000
watts at 13.56 megahertz. The gas mixture flowed in-
cludes oxygen at 100 SCCM and nmitrogen trifluoride at
10 SCCM, for a total pressure of 100 microns (i.e. 100
milliTorr). The etching temperature 1s cooled to prefer-
ably a little cooler than ambient, e.g. 15 C. This cooling
is not critical, but does assist in miminizes gross outgas-
sing from the resist.

This power density in an AME 8110 reactor trans-

lates to approximately 150 milliwatts per square centi-
meter. An alternative way of figuring power densities
so as to transfer processes among different reactors is
power per unit volume, and the volume of the amp 8110
reactor is approximately 150 liters, so that the power
per volume in the plasma is roughly 64 watts per liter.
- As will be noted, this is a somewhat low pressure
etching regime. Moreover, the anode and cathode areas
are unequal, so that this reactor is operated in what is
commonly known as the RIE (reactive ion etching
mode) regime. |

This etch is performed as a timed etch, e.g. for 75
minutes to process 24 slices in the above configuration.
End point detection is not possible, since the area frac-
tion of silicon exposed by the etch is such a small frac-
tion of the total area, and since the silicon hard mask is
exposed to the plasma in any case. This etch is prefera-
bly performed to achieve 30 percent over etch of the
contact hole 1n the multi-layer 10. However, although
this etch is merely a timed etch and not an end point-
detecting etch, the timing has been found to be rela-
tively 1nsensitive. |
~ In a further test of the present invention, contact
holes were etched simultaneously to moat (i.e. to the
~silicon substrate) and to an upper polysilicon layer, so
that the upper polysilicon contact area was covered by
approximately one micron less resist than was the moat
area. The etch was timed to etch the moat area opti-
mally, so that the polysilicon contact was greatly over
etched. However, no difference in the contact size was
visible.

The presently preferred embodiment uses a total
pressure of 100 microns, but this can be widely varied,
over a range of at least 30 microns to 500 microns, or
even more widely. The total pressure will typically be
chosen to accomodate the anisotropy requirements of
the particular process in which the present invention is
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incorporated. The present invention will provide ade-
quate anisotropy for many processes.

If an excessive amount of nitrogen trifluoride is used,
the silicon hard mask 14 will be etched, or at least pit-
ted. Alternatively, if no nitrogen trifluoride is used,
adequate MILO etching cannot be achieved: a pure

oxygen plasma will not cut oxide rapidly. Thus, the
preferred range of nitrogen trifluoride admixture in the
etching recipe 1s at least 2 SCCM, but must be less than

the flow rate of oxygen used.

The nitrogen irifluoride not only provides a fluorine
source for anisotropic oxide etching, but also appears to
assist in removal of residues. For example, in the forego-
ing cantilever-etch-mask embodiment, where the or-
ganic spacer layer provides a carbon source, residues
will be deposited if the nitrogen trifluoride is reduced to
zero, but will not be deposited if even a few sccm of
NF3 are flowed. Thus, although the presently preferred
embodiment uses NF3 as the sole fluorine-bearing spe-
cies, other embodiments may also include admixtures of
fluorocarbon species or other fluorine-bearing species,
as long as NF3 is present and the atomic fraction of
oxygen 1n the whole mixture is greater than that of
fluorine (and preferably at least four times greater than
that of fluorine).

‘The preferred flow of oxygen is 100 SCCM, but this
can be in the range of 10 to 1000 SCCM. However,
oxygen flow rates in the range of 30 to 200 SCCM are
particularly preferred.

The area power denstty is preferably 0.15 watts per
square centimeter, but may be varied as much as a order
of magnitude or more each way, as long as sufficient
cooling power 1s provided.

‘The nitrogen trifluoride plus oxygen chemistry turns
out to have surprising advantages. In particular, it pro-
vides astonishing selectivity of oxide over silicon, con-
trary to the teachings of the prior art. See, for example:
Donnelly, V. M., Flamm, D. L., Dautremont-Smith, W.
C., and Werder, D. J., J. Appl. Phys., 55, 242 (1984).
For example, this chemistry gives 12 to 1 selectivity to
etch phosphosilicate glass preferentially with respect to
monocrystalline silicon. It gives 13 to 1 selectivity to
etch PSG preferentially with respect tc P-type polysili-
con. It gives about 11 to 1 selectivity of PSG over un-
doped polysilicon. It also gives 5.6 to 1 selectivity of
PSG over plasma oxide. Thus, the present invention is
particularly advantageous for etching PSG or BPSG
selectively with respect to silicon-bearing materials
(crystalline silicon, or polysilicon, or metal silicides).

A notable characteristic of this etch chemistry is that
it will attack organic materials, such as photoresist,
rapidly. This 1s disadvantageous in many applications,
and requires use of a hardmask process in most applica-
tions. However, this very characteristic is advantageous
for etching sloped oxide profiles utilizing the cantilever
lithographic concept.

In particular, a polysilicon hardmask is process-com-
patible with many processes, and the most preferred
embodiments of the invention use a polysilicon hard-
mask.

Even more specifically, such a polysilicon hardmask
is preferably combined with a planarizing layer under-
lying it, as in the principal preferred embodiment dis-
cussed above.

The composttion of the spacer layer 12 can be se-
lected from a wide variety of planarizing polymers.
However, it should be noted that poly(methyl methac-
rylate) 1s not very suitable for this layer. Novolac-type
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| photore31st is much r more suitable. In ‘general, 1t is be-
~ lieved that photoresist comprising stable aromatic
~groups, which AZ does and which PMMA does not

- have, are more suitable.

Thus, the present invention provrdes a new class of

chemistries for etching silicon oxides preferentially
- with respect to silicon or silicides. .

-As will be obwous to those skilled in the art the
present invention can be widely modified and varied,

‘What is elalmed is:

1. A process for etching srhcon oxides in mtegrated* |
- circuit structures, comprising the steps of: |
- providing a partially fabricated integrated circuit

 structure having at the surface thereof a dlelectrlc
- comprising silicon oxides;
partlally covering said dielectric with a
’hardmask; and

-p__atter_ned

| exposmg said mtegrated circuit structure to a plasma |
1n a gas cComprising both oxygen and nitrogen tri-

ﬂuorlde, the input gas to said plasma comprising N |
25

‘more oxygen than nitrogen trifluoride.

: 10
~_andis not limited except as speerﬁed in the aCCOmpany-
: _-mg claims. | | |

4,654,112 '
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in the range between 1 and 0.05 watts per square centi-

meter. |
5. The process of claim 1, wherein said plasma gener-

~ating step comprises applying power at a volumetric

5 density between 1 and 10 watts per liter into said gas

‘mixture in the vicinity of said partially fabncated inte-
- grated within a reactor chamber.

6. The process of claim 1, wherein said hardmask _ |

- consists essentially of polysilicon.

7. The process of claim 1, wherein said dielectric

consists essentlally of phosphosilicate glass.

8. The pmeess of claim 1, wherem sald hard mask :

| .layer comprises silicon.

15

20

2. The process of claim 1, wherein said plasma is

generated in a gas: having a total pressure in a range | ' 

between 30 rmerons and 500 microns.
3. The process of claim 1, wherein said plasma in-

| 30
cludes more than four times as much oxygen as mtrogen o

o tnﬂuorlde

4. The process of clarm 1, wherem said plasma gener- .

' atlon step. comprlses applymg power at an area densrty

35

9. The process of claim 1, wherein said dlelectrlc |
eompnses borophosphosilicate glass.
10. A process for fabricating contacts in mtegrated

- circuits, comprising the steps of:

providing a partially fabricated integrated Cll'Clllt |
 structure having at the surface thereof a dielectric
-~ comprising silicon oxides; .

~ depositing a hard mask layer eomprlsmg silicon over

- said dielectric:

. etehmg said hard mask layer in a predetenmned pat-

tern to cut holes in said hard mask layer at prede-
termined contact locations;

- exposing said mtegrated circuit structure to a plasma
- 1n a gas comprising both oxygen and nitrogen tri-

ﬂuorlde, said gas comprising more oxygen than

~ nitrogen trifluoride, to open contact holes in sald.
- dielectric; |
~ and depositing a pattemed conductor to interconnect
said contact holes in a predetermmed circuit con-

figuratmn -
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